A direct and quantitative investigation of the transport kinetics of wetting layers is presented. The temporal decay of pulsed laser induced spatial thickness modulations in liquid ethanol f~lms on a silver surface is monitored by means of optically excited surface plarrnons. Our method allows zn distinguish between different equilibration mechanisms. Under the condit~ons In our experiments. the dominant transport process is drect exchange of molecules with the saturated vapor. Contr~butions from lateral diffus~on were found to be less than lo-' crn2/s.
Thin films on solid surfaces have become one of the most attractive fields of condensed matter physics. This is not only due to their technological importance. It is also for the sake of the rich and fascinating dynamical phenomena discovered in surface diffusion [I] , catalytic surface reactions [2] and the dynamics of wetting far from thermodynamical equilibrium [3-51. For specific investigations of these phenomena, one has to identify the basic transport mechanisms and determine the corresponding transport coefficients.
In submonolayer chemisorhed films, transport proceeds mainly by lateral diffusion of the adatoms or admolecules on the substrate. The diffusion coefficient D is usually measured as follows [6] . By illuminating the sample with two interfering pulsed laser beams, a spatiaHy periodic coverage modulation is induced due to laser induced thermal desorption, According to Fick's law, lateral diffusion leads to an exponential decay of the modulation amplitude, n a ep*'. The decay constant is given by A = Dq" where D is the diffusion coefficient to be measured and q is the wave number of the coverage modulation which is on the order of 10' m -I in these experi-* To whom correspondence should be addressed.
ments. The decay can be monitored by diffraction of a probe laser bean from the coverage modulation [7] . Although the diffracted intensity is rather low, it is sufficient for observing the slow (several minutes or hours) decay of modulations in chemisorbed systems. It has already been shown that changes in the thickness of physisorbed films, as they occur in pulsed laser desorption experiments. are advantageously investigated by means of optically excited surface plasmons [9] . In these experiments, the substrate consists of a metal film (silver, in our case) evaporated onto the base of a glass prism.
A light beam illuminates the metal from inside the prism under total internal reflection conditions, giving rise to an evanescent light wave which penetrates the metal film. At a particular angle of incidence, the phase velocity of the evanescent matches the velocity of the surface plasmons propagating on the free metal surface, which results in a pronounced attenuation of the reflected light due to resonant excitation of surface plasmons. The position of this resonance changes significantly if a transparent film is being adsorbed on the metal. If one measures the reflected intensity at an angle of incidence corresponding to one of the wings of the resonance, changes in the thickness of the adsorbed film will result in changes of the reflected light intensity.
In this way, changes in film thickness on the order of a menolayer can easily be observed on a nanosecond time scale [10, 11] .
The goal of the present work is to identify the transport mechanisms in wetting Iayers by observing the decay of pulsed laser induced thickness modulations. In order to provide the surface plasmons with the required spatial resolution, their intensity is spatially modulated with a period equal to that of the thickness modulation to be obsetved. Depending on the relative phase of the plasmon intensity pattern and the thickness moduIat~on, the film thickness is measured in the "valleys" o r on the "hills" of the thickness modulation. The difference of both thickness values yields t h e modulation amplitude.
The optical apparatus is depicted in fig. 1 . An optical diffraction grating was imaged onto the sample, with a Q-switched Nd : YAG laser I A = 532 nm, 7 ns pulse duration) and a He-Ne laser ( A = 633 nm, continuous wave) as light sources. The Nd : YAG laser served for the creation of the thickness modulation, the He-Ne laser for its detection. In this way, perfect matching of the pulsed laser induced spatial thickness modulation and the intensity modulation of the probing surface plasmon field was achieved. For each wavelength, only two of the diffracted beams (zeroorder and one of the first-order beams) were allowed to reach the sample. In this way, an infinite focal depth image of the grating onto the sample was obtained.
The Nd:YAG laser beam was adjusted so as to meet the surface plasmon resonance angle in order to achieve efficient coupling of energy into the substrate. Since only the silver fiIm is being heated significantly by the laser pulse, a strong temperature gradient into the glass prism bui!ds up which provides fast recooling after the pulse. From the thermal properties of the materials involved, one can estimate that after approximately 40 ps the amplitude of the spatial temperature profile has decayed to less than 10 mK. The overall heating of the surface relaxes to less than 1 K above the equilibrium temperature within about 1 ms.
The He-Ne laser beam was adjusted to the lower-angle wing of the surface plasrnon resonance, yielding an approximately linear relationship between the measured intensity and the thickness of the wetting layer at places with appreciabe surface plasmon intensity. the pulsed laser induced thickness modulation amplitude-Note that a temporal resolution of about one rnilIisecond (the time elapsed hetween two intensity extrema) is achieved. The calibration of the amplitude can he obtained from the known surface pIasmon resonance shift with adsorbed film thickness [12] . According to this calibration, the bar in fig. 2 would correspond to a corrugation amplitude of 2.5 A. However, a rigorous treatment of surface plasmons propagating on a corrugated surface shows that actuaIly the sensitivity is smaller by a factor of two, resulting in the calibration given in the figure [8] . A semilogarithmic plot of the envelope of the oscillation is given in the inset, showing a fairly exponential behavior.
The period of the spatial thickness modulation induced by the pulsed Iaser can easily be varied by exchanging the optical grating. Fig. 3 nounced (due to the Iow gas density). Effects like surface melting or surface roughening should
